Background: Eosinophil-associated RNases (EARs) are stored preformed in eosino-
CCL11 (eotaxin-1) and CCL24 (eotaxin-2) are major chemokines that recruit eosinophils to sites of inflammation, by binding to their G protein-coupled receptor, CCR3. 1 We have previously shown that CCL11 and CCL24 can stimulate PMD in vitro in human and mouse eosinophils. 5, 6 CCL11-mediated PMD of human and mouse eosinophils shares common signalling effectors, such as phosphatidylinositol-4,5-bisphosphate 3-kinases (PI3Ks), extracellular signal-regulated kinases (ERKs) and p38 MAPK. 7 In addition, integrin-mediated cell spreading was found to be crucial for EAR secretion and degranulation. 7 Since the cytoskeletal dynamics that lead to spreading seem to be required for preparing the cells for degranulation, we sought to investigate the role of actin and microtubule dynamics, as well as cytoskeletal elements, such as Rho, ROCK and Rac, in EAR secretion from human and mouse eosinophils.
Important key players in cytoskeleton machinery are the members of the small G protein Ras-superfamily: Rho, Rac and CDC42.
RhoA is a crucial player in the regulation of the cytoskeleton as well as in cell division, survival, migration and adhesion. 8 Known downstream effectors of Rho A are the Rho-associated protein serine/ threonine kinase (ROCK) family of proteins: ROCK-I (p160ROCK)
and ROCK-II. ROCK is involved in cytoskeletal reorganization, stress fibre and focal adhesion formation, 9 and required for eosinophil chemotaxis. [10] [11] [12] However, roles for Rho or ROCK in secretion of EAR and other granule proteins from eosinophils have not been addressed. Uncovering a function for ROCK in PMD is essential, since the ROCK inhibitor, Y27632, and other ROCK inhibitors have been suggested as anti-asthmatic agents 13 due to their effects on smooth muscle cell-mediated bronchoconstriction in murine models of acute allergic inflammation [14] [15] [16] and interference with leucocyte (including eosinophil) migration. [16] [17] [18] The small GTPase protein, Rac, is involved in the regulation of actin dynamics. The isoforms of Rac (1, 2 and 3) are highly homologous, but differ in their tissue expression and intracellular localization, as well as their involvement in cellular pathways such as F actin formation, actin reorganization, lamellipodia formation, adhesion and chemotaxis. Rac1 is ubiquitously expressed, while Rac2 expression is specific to hematopoietic cells, and Rac 3 is highly expressed in the nervous system, but not exclusively. Previous studies have shown that the Rac1 and Rac2 isoforms have distinct roles in the regulation of neutrophil functions: chemotaxis regulation is mediated by Rac1, and actin polymerization is predominantly mediated by Rac2. 19 In addition, Rac is essential for superoxide generation 19 and primary granule exocytosis in neutrophils. 20 With regard to eosinophils, Rac was previously shown to be activated (Rac-GTP) in response to CCL11 and to induce actin polymerization in mouse eosinophils. 21 Moreover, Rac2 was found to be involved in ionophore-mediated EPO secretion from mouse eosinophils. 22 However, the involvement of Rac in EAR secretion induced by physiological stimulation, such as chemokines, in human or mouse eosinophils was not studied.
We have shown that CCL11 can induce secretion of enzymatically active EARs, as measured by a sensitive RNase activity assay, as well as other granule proteins from human and mouse eosinophils. 5, 7 The RNase assay allows us to measure eosinophil degranulation with the same method that is suitable for both spe- were isolated from mechanically disrupted spleens of IL-5 transgenic mice as previously described. 24 Purity and viability of >98% were determined by microscopic analyses after Hema 3 staining and trypan blue exclusion, respectively.
| Isolation of human eosinophils
Eosinophils were purified from healthy donor blood by negative selection, as described. 25 Supernatants were obtained by centrifugation at 300 g for 5 minutes at 4°C, followed by centrifugation at 20 000 g for 10 minutes at 4°C.
| RNase activity assay
In brief, we measured the presence of mEARs in 1:8000 diluted 
| Flow cytometry
Inhibited and stimulated eosinophils (as described above) were exposed to antibodies against murine CCR3, mouse CD11b (clone M1/70), human CD11b (clone ICRF44) or activated human CD11b
(clone CBRM1/5) (BioLegend), or their isotype controls, as previously described in Shamri et al 5 Expression levels were calculated as ΔMFI fold increase. ΔMFI (mean fluorescence intensity) was calculated by subtracting the geometric mean fluorescence of stained samples from that of the non-stained (isotype control) samples. ΔMFI fold increase is the ratio of stimulated cell sample ΔMFI out of non-stimulated and non-inhibited sample ΔMFI.
| Statistical analysis
Levels of significance between groups were analysed by two-tailed paired Student's t tests. P values < 0.05 were considered statistically significant.
| RESULTS

| Rho is required for CCR3-mediated EAR secretion from eosinophils
Recently, we have shown that functional integrins are required for mouse eosinophil degranulation and EAR secretion, 7 similar to previous findings in human eosinophils. 21, 26, 27 This requirement for intact integrin signalling was accompanied by cell spreading of stimulated eosinophils. We found that this cell spreading was essential for degranulation from both human and mouse eosinophils. 
| ROCK is not required for EAR secretion from mouse or human eosinophils
ROCK, a known downstream effector of Rho A, is involved in cytoskeletal reorganization, stress fibre and focal adhesion formation 9 and is thus required for CCL11-mediated eosinophil chemotaxis. [10] [11] [12] However, its role in EAR secretion from eosinophils has not been addressed. Therefore, we examined the involvement of ROCK-I and ROCK-II in chemokine-stimulated EAR secretion by using the highly potent and selective cell-permeable inhibitor, (Figure 2A,B) , as measured by RNase activity in supernatants. This increase in mEAR secretion was also observed with a higher concentration of Y27632 (100 μmol/L) or longer preinhibition (2 hours, unpublished data). In addition, the inhibitor Y27632 also increased the spontaneous secretion of mEARs ( Figure 2C ). Therefore, ROCK inhibitor Y27632 increased both chemokine-mediated secretion and spontaneous secretion of mEARs.
Hence, our results suggest that ROCK is playing a negative regulatory role in EAR secretion from mouse eosinophils. mEAR secretion enhancement by ROCK inhibition likely does not stem from an increase in CCR3 expression ( Figure S2C ), due to blocking receptor recycling or due to an effect on actin polymerization ( Figure S2D ), suggesting a different mechanism by which ROCK inhibitor affects mEAR secretion. therefore, we suggest that ROCK negatively regulates EAR secretion by its effect on integrins.
| Rac is required for CCR3-mediated EAR secretion
Rac GTPase is expressed in human and mouse eosinophils [ 21 and Figure S4 ] and was previously shown to be induced by CCL11. 21 To assess Rac involvement in CCL11-stimulated EAR secretion from human and mouse eosinophils, we used the Rac inhibitor EHT 1864, which selectively binds Rac isoforms 1-3 and promotes the loss of bound guanine nucleotide and guanine nucleotide exchange factor (GEF) association. 30 Pretreatment of mouse eosinophils with EHT 1864 robustly blocked CCL11-stimulated EAR secretion in a dosedependent manner ( Figure 4A ) and affected the basal levels of secretion in the absence of CCL11 as indicated by the negative RNase activity values of inhibited cells. Similarly, EAR secretion from human eosinophils was also dependent upon Rac, as EAR secretion was blocked by EHT-1864 ( Figure 4B ). In summary, our results demonstrate a requirement for Rac in EAR secretion from human and mouse eosinophils.
| Microtubule polymerization is required for CCR3-mediated EAR secretion
Microtubules are known to be involved in exocytotic and endocy- We assume that the requirements of Rho and Rac for EAR secretion are due to their effect on actin reassembly, since a previous study has shown that CCL11 signalling activates Rac and that CCL11-mediated actin polymerization in mouse eosinophils requires Figure 6 ).
Although ROCK was found to be activated by CCL11 in human eosinophils 10 and to be an essential downstream effector in chemotaxis towards CCL11 in human 10 and mouse eosinophils (our results), Rho-mediated EAR secretion is ROCK-independent in both human and mouse eosinophils. Moreover, inhibition of ROCK enhanced EAR secretion, even in the absence of stimulation. Similarly, in rat mast cells Rho, but not ROCK, was found to be involved in secretion from granules. 34 To determine the mechanism of ROCK inhibitor- In summary, our results reveal requirements of Rho and Rac in human and mouse eosinophil degranulation. Interestingly, we have found inhibition of ROCK enhanced secretion, even in the absence of chemokine stimulation in human and mouse eosinophils, and we suggest a negative regulatory role for this effector, perhaps through its effect on integrins. Our current results complement our previous results and add more components to the signal transduction pathways ( Figure 6 ) that lead to EAR secretion and degranulation from eosinophils that are pertinent to our understanding of eosinophilmediated host responses.
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